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The B-meson light-cone distribution amplitude is a central quantity governing non-perturbative
hadronic dynamics in exclusive B decays. We show that the information needed to describe such
processes is entirely and most directly contained in its Laplace transform φ˜+(η). We derive the
renormalization-group (RG) equation satisfied by this function and present its exact solution. We
express the RG-improved form of the QCD factorization theorem for the decay B− → γ`−ν¯ in
terms of φ˜+(η) and show that it is explicitly independent of the factorization scale. We propose an
unbiased parameterization of φ˜+(η) in terms of a small set of uncorrelated hadronic parameters.
I. Introduction — Light-cone distribution amplitudes
(LCDAs) describe the inner structure of hadrons as
probed in hard exclusive QCD processes. They are non-
perturbative quantities of fundamental importance for
the theory and phenomenology of the strong interactions
[1–5]. The LCDAs of heavy hadrons appear, e.g., in cal-
culations of heavy-hadron pair production at e+e− col-
liders [6] and in the study of symmetry relations between
the form factors describing transitions between heavy
and light mesons [7]. The leading-order LCDA of the
B meson, φB+(ω), plays a particularly prominent role in
the QCD factorization approach to exclusive non-leptonic
decays such as B → M1M2 and B → Mγ, where Mi
denote light mesons (mMi  mB) [8–10]. The corre-
sponding decay amplitudes can be written as the sum of
two terms, one in which the relevant hadronic informa-
tion is encoded in experimentally accessible form factors
FB→Mi (q
2), and a “hard-scattering” contribution gov-
erned by the B-meson LCDA. The relative size of the
two terms depends on a hadronic parameter λB defined
in terms of a weighted integral over the LCDA.
The radiative decay B− → γ `−ν¯ offers a particularly
clean probe of the LCDA, because in this case the form
factor term is absent [11, 12]. At leading order in an
expansion in powers of ΛQCD/mb the decay amplitude
for this process can be written as
M(Eγ) ∝ mBfB
∫ ∞
0
dω
ω
T (mb, Eγ , ω, µ)φ
B
+(ω, µ) , (1)
where Eγ < mB/2 is the energy of the photon as mea-
sured in the rest frame of the B meson. The hard-
scattering kernel T can be factorized further as
T (mb, Eγ , ω, µ) = H(mb, Eγ , µ) J(−2Eγω, µ) . (2)
The process can be treated in QCD factorization as long
as 2Eγ ∼ mb, where mb ' 4.8 GeV denotes the pole mass
of the bottom quark. The decay amplitude is sensitive to
three different energy (or distance) scales: a “hard” scale
set by the b-quark mass, the scale of non-perturbative
QCD dynamics (ω ∼ ΛQCD), and an intermediate scale of
order
√
mbΛQCD. The hard function H, the jet function
J and the LCDA φB+ contain the contributions from these
three hierarchical scales in factorized form. The first two
of these functions can be calculated in QCD perturbation
theory, while the LCDA is a genuinely non-perturbative
object, which can be defined in terms of the hadronic
matrix element [6, 13]
〈0| q¯ δ(ω − in ·←−D) /nγ5hv|B¯(v)〉 = iF (µ)φB+(ω, µ) (3)
in heavy-quark effective theory. Here hv denotes the
heavy-quark spinor field, vµ is the 4-velocity of the B
meson and nµ is a lightlike vector satisfying v · n = 1.
The hadronic parameter F (µ) is related to the decay con-
stant fB of the B meson via
√
mB fB = KF (mb, µ)F (µ),
up to power corrections of order ΛQCD/mb. KF is a
perturbative matching coefficient, which is part of the
hard function H. The factorization scale µ in (1) is ar-
bitrary and in principle can be chosen at will, but there
is no single scale choice for which the hard-scattering
kernel T is free of large logarithms. The resummation
of these logarithms can be accomplished by solving the
renormalization-group (RG) evolution equations for H, J
and φB+. For φ
B
+ and beyond next-to-leading order (NLO)
in perturbation theory, this is however a formidable task.
When the hard-scattering kernel T is calculated in
fixed-order perturbation theory, all that is probed of the
LCDA are the logarithmic moments [14]
1
λB(µ)
=
∫ ∞
0
dω
ω
φB+(ω, µ) ,
σn(µ) = λB(µ)
∫ ∞
0
dω
ω
lnn
( ω¯
ω
)
φB+(ω, µ) ,
(4)
where ω¯ serves as a fixed reference scale. If a spe-
cific model for the LCDA is assumed, these moments
can be expressed in terms of a few model parameters.
For example, the simple exponential model φB+(ω) =
(ω/ω20) e
−ω/ω0 [6] yields λB = ω0, σ1 = γE − ln ω0ω¯ and
σ2 =
pi2
6 +
(
γE − ln ω0ω¯
)2
etc. This imposes an important
limitation: Because the correlations between the differ-
ent moments are highly model dependent, it is difficult
to assess the uncertainties in these relations.
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2In contrast to the LCDAs of light mesons, not much is
known on general grounds about the properties of the B-
meson LCDA. In particular, the function φB+(ω, µ) does
not approach a simple asymptotic form in the formal
limit µ → ∞, and the integral over this function is di-
vergent [6]. It has, however, been shown that for suf-
ficiently large values of µ the LCDA scales like ω for
ω → 0 and falls off slower than 1/ω for ω → ∞ [13].
Several models for φB+(ω, µ) have been proposed in the
literature. Some of them are based on QCD sum-rule
estimates [6, 15, 16], while others are inspired by an ad
hoc modeling of the LCDA in momentum space [17] or
in the so-called “dual space” [18–20], where its one-loop
evolution equation takes on a simpler form. Most of these
models rest on unjustified assumptions, which imply im-
portant biases and lead to uncontrolled systematic uncer-
tainties: i) The LCDA is usually assumed to be positive
definite without a strong reason, because it is an ampli-
tude that does not admit a probabilistic interpretation.
In fact, it has been argued that φB+(ω, µ) changes sign for
some value of ω  ΛQCD [16, 17], which implies that the
moments σn can have either sign, even if n is an even
integer. ii) Many models assume that at a low renor-
malization scale µs the LCDA exhibits an exponential
fall-off for large ω  ΛQCD, even though this is in con-
flict with RG evolution. At best, this assumption could
be true at one particular value of µs, but RG evolution
to a scale µ > µs inevitably leads to a fall-off slower than
1/ω [13]. iii) Any given model for φB+(ω, µ) necessarily
implies strong correlations between the moments σn, for
which there is no reason a priori.
In this Letter we show that the information that can be
probed in hard exclusive processes is entirely and most
directly described by the Laplace transform of the LCDA,
defined as
φ˜+(η, µ) =
∫ ∞
0
dω
ω
φB+(ω, µ)
(ω
ω¯
)−η
. (5)
In fixed-order calculations one probes the behavior of the
Laplace transform near the origin, since
1
λB(µ)
= φ˜+(0, µ) ,
σn(µ)
λB(µ)
= φ˜
(n)
+ (0, µ) , (6)
where the superscript denotes the nth derivative with
respect to the first argument. More generally, solving
the RG equation for the jet function one finds that at
leading order J(−p2, µ) ∝ (p2/µ2j)aΓ(µj ,µ) [12], where
µj ∼
√
mbΛQCD is a suitable matching scale and the
exponent aΓ(µj , µ) will be defined below. The decay am-
plitude in (1) is thus determined directly by the Laplace
transform φ˜+(−aΓ(µj , µ), µ) evaluated at a point away
from the origin. We show that also beyond the leading
order all hadronic information needed to calculate the de-
cay rate is encoded in this function. Moreover, we derive
an explicit expression for the factorized decay amplitude
in (1), in which the factorization scale µ drops out and
large logarithms are resummed to all orders of perturba-
tion theory.
II. RG Evolution in Laplace Space — We write the RG
evolution equation for the B-meson LCDA in the general
form [13]
dφB+(ω, µ)
d lnµ
= −
∫ ∞
0
dω′ γ+(ω, ω′;µ)φB+(ω
′, µ) , (7)
with the anomalous dimension
γ+(ω, ω
′;µ) =
[
Γc(αs) ln
µ
ω
+ γ(αs)
]
δ(ω − ω′)
− Γc(αs)ω Γ(ω, ω′)− γˆ+(ω, ω′;αs) .
(8)
The coefficient Γc of the logarithm is the lightlike cusp
anomalous dimension in the fundamental representation
of SU(Nc) [21]. The same quantity appears in the coef-
ficient of the symmetric plus distribution
Γ(ω, ω′) =
[
θ(ω − ω′)
ω(ω − ω′) +
θ(ω′ − ω)
ω′(ω′ − ω)
]
+
, (9)
which is defined such that, when Γ(ω, ω′) is integrated
with a function f(ω′), one must replace f(ω′)→ f(ω′)−
f(ω) under the integral. The function γˆ+ starts at two-
loop order (see below).
On dimensional grounds, the terms shown in the sec-
ond line of (8) can be written as 1/ω times a function
of the dimensionless ratio x = ω′/ω. It will be useful to
define the dimensionless functions
F(η) =
∫ ∞
0
dxΓ(1, x)xη = −[H(η) +H(−η)] ,
G(η;αs) =
∫ ∞
0
dx γˆ+(1, x;αs)x
η , (10)
where H(η) = ψ(1 + η) + γE . Based on (7) we find that
the Laplace transform of the LCDA obeys the non-linear,
partial differential equation(
d
d lnµ
+ Γc(αs)
∂
∂η
)
φ˜+(η, µ)
=
[
Γc(αs)
(
ln
ω¯
µ
+ F(η)
)
− γ(αs) + G(η, αs)
]
φ˜+(η, µ) ,
(11)
which is analogous to an equation for the soft-quark soft
function in radiative Higgs-boson decay derived in [22].
While this equation appears rather intimidating at first
sight, its exact solution can be found by noting that any
function of the combination η + aΓ(µ0, µ), with
aΓ(µ0, µ) = −
αs(µ)∫
αs(µ0)
dα
Γc(α)
β(α)
≈ 2CF
β0
ln
αs(µ)
αs(µ0)
(12)
3and for some fixed scale µ0, is a solution of the homo-
geneous equation with the right-hand side of (11) set to
zero. Here β(αs) is the QCD β-function, β0 = 11− 23 nf
(with nf = 4 light quark flavors in our case) and CF =
4
3 .
Let µs denote the matching scale at which the boundary
condition φ˜+(η, µs) is defined. The ansatz
φ˜+(η, µ) = N(µs, µ) φ˜+
(
η + aΓ(µs, µ), µs
)
× exp
[ αs(µ)∫
αs(µs)
dα
β(α)
[
Γc(α)F(η + aΓ(µα, µ)
)
+ G
(
η + aΓ(µα, µ), α
)]]
,
(13)
where µα is defined such that αs(µα) ≡ α, then provides
the solution to (11) with the correct boundary condition
if we require that the normalization N(µs, µ) satisfies the
differential equation
dN(µs, µ)
d lnµ
=
[
Γc(αs) ln
ω¯
µ
− γ(αs)
]
N(µs, µ) , (14)
with the initial condition N(µs, µs) = 1. This yields
N(µs, µ) =
(
ω¯
µs
)−aΓ(µs,µ)
eS(µs,µ)+aγ(µs,µ) , (15)
where the quantity aγ is defined in analogy with (12) and
S(µs, µ) = −
αs(µ)∫
αs(µs)
dα
Γc(α)
β(α)
α∫
αs(µs)
dα′
β(α′)
. (16)
The integral over the function F in (13) can be evaluated
by changing variables from α to aΓ(µα, µ). This leads to
the exact solution
φ˜+(η, µ) = N(µs, µ)
Γ
(
1 + η + aΓ(µs, µ)
)
Γ(1− η)
Γ
(
1− η − aΓ(µs, µ)
)
Γ(1 + η)
× exp
[ αs(µ)∫
αs(µs)
dα
β(α)
G
(
η + aΓ(µα, µ), α
)]
× e2γEaΓ(µs,µ) φ˜+
(
η + aΓ(µs, µ), µs
)
. (17)
On the right-hand side of this relation the Laplace-
transformed LCDA is evaluated at a shifted value of η.
The positions of the nearest singularities at positive
(negative) values of η determine the asymptotic behav-
ior of the momentum-space LCDA for small (large) val-
ues of ω [13]. At the low scale µs we denote these val-
ues by η+ and −η−. When the LCDA is evolved to a
higher scale, the positions of these singularities shift to
η++|aΓ(µs, µ)| and−η−+|aΓ(µs, µ)|, taking into account
that aΓ(µs, µ) < 0 for µ > µs. Additional singularities
are generated by the Γ-functions in the numerator of (17)
and are located at η = 1 and η = −1 + |aΓ(µs, µ)|. For
sufficiently large values of µ the nearest positive singular-
ity is the one at η = 1, corresponding to a linear behavior
φB+(ω, µ) ∼ ω near the origin. The nearest negative sin-
gularity is located at η = −min(1, η−) + |aΓ(µs, µ)|, im-
plying that φB+(ω, µ) falls off slower than 1/ω at large ω.
The integral in the exponent of the term in the second
line of (17) can be expanded in powers of αs, because
the function G starts at O(α2s). In the beautiful papers
[23, 24] it was shown that the Lange-Neubert kernel for
the B-meson LCDA in (8) can be written in a remarkably
compact form as a logarithm of the generator of special
conformal transformations along the light-cone. Using
tools from conformal field theory the transformation of
the evolution equation (7) to the so-called “dual space”,
originally proposed in [18], was rederived. In subsequent
work the evolution equation was extended to two-loop
order [25, 26]. After the conversion back to momentum
space, one finds [27]
γ(αs) = −CFαs
2pi
− (5.523− 0.358nf )
(αs
pi
)2
,
γˆ+(ω, ω
′;αs) = CF
(αs
2pi
)2 ω θ(ω′ − ω)
ω′(ω′ − ω) h
( ω
ω′
)
, (18)
where the numerical value of the two-loop coefficient of
γ corresponds to Nc = 3 colors, and
h(x) = lnx
[
β0 + 2CF
(
lnx− 1 + x
x
ln(1− x)− 3
2
)]
.
(19)
It is then straightforward to express the two-loop con-
tribution to G(η, αs) in terms of the digamma function
ψ(1− η) and its derivative. For the exponent in the sec-
ond line of (17) we find, with r = αs(µs)/αs(µ),
CFαs(µ)
2pi
∫ 1
0
dx
1− x
h(x)
β0
x−η
r1+
2CF
β0
ln x − 1
1 + 2CFβ0 lnx
+O(α2s) .
(20)
Expanding the evolution equation (11) about η = 0 one
can derive a coupled, infinite set of evolution equations
for λB and the logarithmic moments σn defined in (4).
The first few relations are
d lnλB(µ)
d lnµ
= Γc(αs)
[
ln
µ
ω¯
+ σ1(µ)
]
+ γ(αs)− G(0, αs) ,
dσ1(µ)
d lnµ
= Γc(αs)
[
σ21(µ)− σ2(µ)
]
+ G(1)(0, αs) ,
dσ2(µ)
d lnµ
= Γc(αs) [σ1(µ)σ2(µ)− σ3(µ) + 4ζ3]
+ 2σ1(µ)G
(1)(0, αs) + G
(2)(0, αs) . (21)
They are derived here for the first time. The fact that this
system does not close hints at the fact that to control the
evolution of the moments one needs to know the behavior
of the Laplace transform in the vicinity of the origin,
4which is equivalent to an infinite set of moments. The
exact solution to the above equations can be obtained
from the expansion of (17) about η = 0. In particular,
we find
λ−1B (µ) = N(µs, µ) e
2γEaΓ(µs,µ)
Γ
(
1 + aΓ(µs, µ)
)
Γ
(
1− aΓ(µs, µ)
) (22)
× exp
[ αs(µ)∫
αs(µs)
dα
β(α)
G
(
aΓ(µα, µ), α
)]
φ˜+
(
aΓ(µs, µ), µs
)
.
III. Unbiased Parameterization of the LCDA — For
practical purposes one needs a parameterization of the
Laplace transform φ˜+(η, µs) at the low scale µs, which
ideally should be free of unjustified assumptions. With-
out loss of generality, we choose the parameter ω¯ in
(5) such that the first moment vanishes at this scale,
σ1(µs) = 0. In essence, we trade the hadronic parameter
σ1 for a new parameter ω¯ ∼ ΛQCD. According to (4) this
defines ω¯ via the average value of the distribution am-
plitude φB+(ω, µs) in the variable lnω. With this choice
it is likely that the higher moments do not take unnat-
urally large values either. We thus obtain the unbiased
parameterization
φ˜+(η, µs) =
1
λB(µs)
[
1 +
∑
n≥2
ηn
n!
σn(µs)
]
, (23)
in which the parameters λB , ω¯ and σn are uncorrelated.
If the required region of η values is such that |η|  1,
then the first few terms in this series should be sufficient
to obtain a reliable approximation.
It is instructive to illustrate our results with a numeri-
cal example. At the low scale µs = 1 GeV we impose the
two-parameter model function
φB+(ω, µs) =
(
1− b+ bω
2ω0
)
ω
ω20
e−ω/ω0
+
4αs(µs)
3pi
ω
ω2 + ω20
(
1
2
− ln ω
µs
)
,
(24)
which satisfies all known properties of the LCDA. The
first component on the right-hand side exhibits an expo-
nential fall-off and is normalized to 1. The second com-
ponent correctly takes into account the radiative tail for
large ω values [17], which renders the integral over the
LCDA divergent. We take ω0 = 482 MeV and consider
the two choices b = 0 and b = −2.07, for which the first
integral in (4) yields λB(µs) ' 350 MeV and 200 MeV, re-
spectively. It is straightforward to calculate the Laplace
transforms φ˜+(η, µs) of the model functions and the as-
sociated parameters ω¯, for which we obtain ω¯ ' 183 MeV
and 141 MeV. The first few moments are σ2(µs) ' 1.17,
σ3(µs) ' 6.41 and σ4(µs) ' −6.88 for b = 0, and
σ2(µs) ' 1.04, σ3(µs) ' 5.32 and σ4(µs) ' −3.90 for
b = −2.07. Note that σ4 is negative in both cases. The
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FIG. 1. Model functions for the LCDA at the scale µs =
1 GeV in momentum (top) and in Laplace space (bottom).
The curves differ in the choice of b = 0 (red) and b = −2.07
(blue). The dashed lines in the lower plot show the results at
the higher scale µ = 1.5 GeV.
top panel in Figure 1 shows the two model functions in
momentum space, while the bottom panel shows the cor-
responding Laplace transforms. They exhibit pole sin-
gularities at η = ±1. While the two functions look
rather different in momentum space, their Laplace im-
ages are very similar apart from a shift in the vertical
direction, reflecting the two different values of λB . In
other words, allowing for negative b values is a very ef-
fective means to lowering λB while keeping the moments
σn approximately unaffected. Note that, owing to our
choice σ1(µs) = 0, the Laplace transforms exhibit a flat
behavior for |η| . 0.3, so that in this region they can
be well approximated by keeping the first few terms in
the series expansion (23). The dashed lines in the lower
plot show the RG-evolved functions φ˜(η, µ) at the higher
scale µ = 1.5 GeV, obtained from (17). The two main
effects of RG evolution are the modest increase of λB(µ)
and the shift of the nearest singularity at negative η from
−1 to −1 + |aΓ(µs, µ)| ' −0.9, in accordance with our
discussion following relation (17).
IV. Scale-Invariant Factorization Formula — With the
help of the exact solution (17) and the known solutions
of the evolution equations for the hard function and jet
function [27], we have derived an all-order formula for the
5convolution integral in (1), in which any reference to the
factorization scale µ cancels out explicitly and in which
all large logarithms are resummed. Our result is vastly
simpler than the corresponding relation in momentum
space, which is only known at NLO [12, 14]. We find
I =
∫ ∞
0
dω
ω
T (mb, Eγ , ω, µ)φ
B
+(ω, µ) = exp
[
S(µh, µj) + S(µs, µj)− aγH (µh, µj) + aγ(µs, µj) + 2γE aΓ(µs, µj)
]
×H(mb, Eγ , µh)
(
2Eγ
µh
)−aΓ(µh,µj)
J(∂η, µj)
(
2Eγ ω¯
µ2j
)η Γ(1− η + aΓ(µs, µj))Γ(1 + η)
Γ
(
1 + η − aΓ(µs, µj)
)
Γ(1− η)
× exp
[ αs(µj)∫
αs(µs)
dα
β(α)
G
(− η + aΓ(µα, µj), α)]( ω¯
µs
)−aΓ(µs,µj)
φ˜+
(−η + aΓ(µs, µj), µs) ∣∣∣∣
η=0
.
(25)
This elegant formula involves the matching conditions
for the hard function H at a scale µh ∼ mb, which can
be derived at two-loop order from results obtained in
[28–33], and for the jet function J(Lp, µj) ≡ J(−p2, µj)
with Lp = ln(p
2/µ2j ) at a scale µj ∼
√
mbΛQCD, which
was recently calculated at two-loop order [27]. The first
argument of J(Lp, µj) is replace by a derivative opera-
tor ∂η with respect to an auxiliary parameter η, which
acts on all terms standing to the right. The solution
also contains the initial condition for the Laplace trans-
form of the LCDA at the low scale µs. With a typ-
ical choice µs = 1 GeV and µj = 1.5 GeV one finds
aΓ(µs, µj) ' −0.098, confirming our claim that in the so-
lution one needs the Laplace transform in the region close
to the origin. Note that the master formula (25) is for-
mally independent of the matching scales µh, µj and µs.
The RG functions S(µ1, µ2), aΓ(µ1, µ2) and aγH (µ1, µ2)
are computed at NNLO using the four-loop cusp anoma-
lous dimension [34] and the three-loop anomalous dimen-
sion of the hard function derived from [35–37]. The func-
tions aγ(µ1, µ2) and the integral over G are evaluated
using the known two-loop anomalous dimensions γ and
γˆ+ [26], which is sufficient since the two scales µs and
µj lie rather close to each other. We are thus in a po-
sition to evaluate the convolution integral at NNLO in
RG-improved perturbation theory.
To illustrate our results, we fix the photon energy at
Eγ = 2.2 GeV, which is at the center of the region be-
tween 2 and 2.4 GeV, where the factorization theorem (1)
can be applied safely. The energy dependence of our nu-
merical results in this region is very weak. Following [20]
we define the hadronic input parameters λB , ω¯ and σn at
the low scale µs = 1 GeV, vary the hard matching scale
by a factor 2 about the default value µh = mb, and vary
the intermediate matching scale by a factor
√
2 about
the default value µj =
√
2 GeV. The smaller scale varia-
tion for µj is justified due to the fact that parametrically
µ2j ∼ µhµs and we keep µs fixed at 1 GeV. Working con-
sistently at NNLO in RG-improved perturbation theory,
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FIG. 2. Coefficients of the leading term (blue) and of 0.1σ2
(red) in the result (26) including scale variations added in
quadrature, for different values of ω¯.
we obtain
INNLO =
1
λB
[(
0.664 +0.011−0.013
+0.024
−0.038
)
+
(
4.36 +0.15−0.08
+0.07
−0.45
) · 10−2 σ2
+
(
0.35 +0.12−0.02
+2.97
−1.99
) · 10−3 σ3
+
(
5.02 +0.28−0.08
+5.84
−1.91
) · 10−4 σ4 + . . . ] ,
(26)
where for each value the quoted errors arise from the
variations of µh and µj . Our central value 0.664 is about
10% smaller than the central value of the NLO result
INLO =
1
λB
[
0.731 + 0.035σ2 − 0.003σ3 + . . .
]
. (27)
The NNLO corrections included here for the first time
thus have a significant impact on the B− → γ`−ν¯ branch-
ing ratio.
The result (26) refers to ω¯ = 300 MeV. Figure 2 shows
how the coefficients of the leading term and of σ2 vary
6with ω¯. The leading coefficient increases slightly with ω¯,
whereas the coefficient of σ2 is almost independent of it.
Note that the scale variations increase for smaller values
of ω¯. As can be seen from (17), the quantity 2Eγω¯ sets
the “natural” scale for µ2j , and for ω¯ < 0.23 GeV this
scale drops below 1 GeV, outside the range of variation
of µj . This suggests that the pertubative corrections to
the jet function get larger the smaller ω¯ is.
V. Conclusions — In summary, we have shown that
the information about the B-meson LCDA that can be
probed in hard exclusive processes such as B− → γ`−ν¯
is entirely and most directly contained in the Laplace
transform φ˜+(η, µ). We have obtained the RG evolution
equation satisfied by this function and presented its exact
solution. Using this result, we have derived a closed ana-
lytic expression for the RG-improved form of the convolu-
tion integral governing the B− → γ`−ν¯ decay amplitude
at leading power in ΛQCD/mb. Finally, we have proposed
an unbiased parameterization of φ˜+(η) in terms of uncor-
related hadronic parameters λB , ω¯ and σn≥2 defined at
the scale µs. Our results provide the basis for an accu-
rate determination of the important parameter λB from
future high-precision measurements of the B− → γ`−ν¯
photon energy spectrum in the region near the kinematic
endpoint. To this end, it will however be important to
also include power corrections in ΛQCD/mb, a detailed
study of which has been presented in [14, 20, 38, 39].
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